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to learn all the various instruments which he will never 

require in his practice. 

I have pleasure in acknowledging the kindly help which 

I have received from many of my friends. Drs. Gibson, 

Bruce, GuUand, Dunlop, Boyd, and Ballantyne have given 

me the benefit of their criticism on those sections of the 

book which bear upon the parts of medical science with 

which each of them is specially conversant. I desire also 

to record my thanks to my class assistants, Dr. Goodall, 

Messrs. Barcroft, Eidston, and Mackenzie for help in revising 

the proo&, and to Mr. Graham Brown for some of the 

histological diagrams. 

D. N. P. 
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substances to form compounds. The best-known example is 
Muoin (see p. 26). 

(6) Ferro-proteids. — In the pigment of the blood (Haemo- 
globin) proteids occur linked to an iron-containing molecule 
(p. 199). 

(7) In horn (Keratin) a sulphur-containing molecule joined 
to the proteid gives the special characters to the substance 
(p. 23). 
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appears, dividing the cell in two, and the division is accom- 
plished (Fig. 3, 4). 

The network of the nucleus of actively dividing cells is 
rich in nucleic acid, but in cells which have ceased to divide, 
in which the nucleus has ceased to exercise its great repro- 
ductive function, the amount of phosphorus — i,e, of nucleic 
acid — diminishes, and may be actually less than the amount 
in the cell protoplasm. 

JLmitotio DiTision. — In some cells the nucleus does not 
appear to take an active part, the cell dividing without the 
characteristic changes above discussed. 
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the dendrites of the terminal neurons. These terminal 
neurons have their cells in the sixth or outer nuclear layer 
(6) of the retina, and they pass backwards and end in two 
special kinds of terminations in the seventh layer of the 
retina — the rods and cones (7). These structures are com- 
posed of two segments — a somewhat barrel-shaped basal piece, 
and a transparent terminal part which in the rods is cylindri- 
cal and in the cones is pointed. Over the central spot of the 
eye there are no rods, but the cones lie side by side, and the 
other layers of the retina are thinned out. The rods and 
cones are imbedded in the last or eighth layer of the retina 




FlQ. 46. — To show how parallel rays are brought to a focus on the 
retina by refraction at the three surfaces (a), anterior sur- 
face of the cornea; (6), anterior surface of the lens; and 
(c), posterior surface of the lens. 

— the layer of pigment cells, or tapetum nigrum. The 
retina stops abruptly in front at the ora serrata, but the 
tapetum nigrum, along with another layer of epithelial cells 
representing the rest of the retinal structures, is continued 
forwards over the ciliary processes and over the back of the 
iris. 

The blood vessels of the retina enter in the middle of the 
optic nerve, and run out and branch in the anterior layer of 
the retina. 

The interior of the eye may be examined by the Ophthal- 
moflcope, which consists essentially of a small mirror from 
which light can be reflected into the back of the eye. 
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end in synapses with neurons in the corpora quadrigemina, 
and the fibres of these neurons pass downwards and control 
the oculo-motor mechanism abready described (Fig. 65, 
p. 126). 

The fibres of the anterior division make synapses with 
other neurons in the posterior part of the thalamus, and 




Or 



Occ. L. 



Fio. 66. — ^The Connections of the Retin» with the Central Nervous System. 
Jt, retins; Ch., chiasma leading to optic tract; Op. Th,, optic thalamus; 
A,C.Q,, anterior corpora quadrigemina; Oc. M., oculo-motor mechanism 
(Fig. 65) ; Oce, L,t occipital lohe of the cerehrum ; Ttg.^ tegmentum. 

these neurons send their fibres backwards to the occipital 
lobe of the brain where they connect with the cortical 
neurons (Fig. 66, Occ.) (see p. 181). 

When the right occipital lobe or the strand of fibres leading 
to it is destroyed, blindness on the outer part of the right 
retina and on the inner and middle part of the left retina 
results — the individual is blind for all objects in the left half 
of the field of vision. 
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they enter the medulla they branch into two divuions, which 
end either in the tuberculum acusticum or the nucleus 
accesaorius (If, Ace.), where they form synapses. From 
the cells, axons pass (a) to the oculomotor mechanism 
of the same side and the opposite side (N.vi.), and (b) up 






Fla. 72.— CoDMctions of CochlBft with Central Nervous Syalcm, Coeh. 
R., cochlear root of eigbth nerve; JV. Xcc., tuberculum noiiaticnm 
«nd nucleus accetnoriui seodm^; fibres to Clio cerubrum [CB.) and 
to the oculo-motor mecbaniam (JV.vt.). 



to the cerebrum (C£.) of the same and of the opposite 
side. 

Yaatlbulaj Root (Fig. 73). — The fibres of this root take 
origin in dendrites between the cells of the maculte, and have 
their nerve cell upon their course { Ves. R.). As they enter 
the medulla they divide into two, forming an ascending 
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MsohaniBm, — The nerve endings connected with the 
sense of taste are disposed in barrel-shaped structures 



vu.K. 



FlO. 73. — Connectioiu of Semicircular Cunals with Centnit Nervou* 
Syitam. Ta. S., Veatibular root of eigbth nerve sending tibres 
upward* to CB. (cerebrum) and CBL. (cerobel)um), downward! to 
the oentre in medulla olilongata {Mtd.}, nnd to Deiten' nucleus 
(JIT. Dtit.), from which fibres papi to tbu oeulo-motor maebanism 
{If.vi.) and to the centrei in the auteriar horn of the apinal 

I the epithelial coverii^ of the mouth. These taste InUbs 
re most abundant at the back of the tongue, on the sides 
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mucous membrane must be moist, and this is secured by the 
activity of Bowman's glands, situated in the mucous mem- 
brane. These are under the control of the fifth cranial nerve, 
and section of this leads indirectly to loss of the sense of 
smell. 



SECTION V 
The Nervous System 

SPINAL NERVES 
Having studied the various oi^ans of special sense and the 
muscles by which we can react to the impressions received 
through theni, the general characters of the connecting 
nerves between the central nervous system, and the various 
structures involved, may now be considered. These nerves 
may be classified as ingoing and outgoing, and they may 



Fio. 76.— Strnotnro of II Typical Spinal Nerve. P.R., posterior root with ganglion; 
A.R., anterior root; 5./., gunglion of Bympnthetio chain; W.S., its white 
ramm; O. S. , it* giej nmat : F.JV.. Tisceral nerve with collateral ganglion; 



roughly be divided into those connected with the body wall 
and its appendages and those connected with the viscera. 

General Btrnotura. — The arrangement of fibres may best 
he understood by studying the constitution of one of the 
typical spinal nerves coming of! from, say the dorsal r^on, 
of the spinal cord (Fig. 75). 

A posterior root {P.R.) comes off from the postero-lateral 
aspect of the cord and has a swelling upon it, the ganglion 
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lower dorsal and upper four lumbar nerves, and have their 
cell stations in the inferior mesenteric ganglia, from which 
they run in the hypogastric nerves to the pelvic ganglia. 



PeWs. 
FiQ. 76.— Scheme ol 



They are vaso-constrictor, inhibitory to the colon, and motor 
to the bladder, uterus and vagina and the retractor 
penis. 

5. Arm. — These fibres, coming out by the fourth to the 
tenth dorsal nerves, have their synapses in the sympathetic 
ganglia of the sympathetic chain, and passing back into the 

10 
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best marked of these are the reflex acts of miotoritioii 



Brtenul rotSiton of hip. 
Hamitringi. 

Calf Tniuclsg and eitrinrie miuclai 
of foot. 

lutriniio ioiucIm of toot. 



Miiiwles of bUddar and urel 
Eitriniic muiclm or foot. 
Intritigic miuolea of foot 




Lerntor and iiphinct«r m 



(p. 407), defiBoation (p. 355), erootion, and qjaonlatlon 



ywwwwwv T 



FiO. BO.— Tbe neuro-muscular mechanism concerned in the knee jerk, 
and the time of tbe knee jerk W.J.) compared with the time 
of n reHei action l,A.R.). 



(p. 415). The lumbar eslai^ement is the part of the cord 
involved. 



THE NERVOUS SYSTEM 163 

deDtly, therefore, some other part of the braiD can 00m- 
pensate for its absence. 

The maimer in which the cerebellum acts has been chiefly 
elucidated by removing parts of the organ and keeping the 



Tia. B8. — Coimectiona o: 



animals under obserration for prolonged periods. If one 
side of the cerebellum is removed the first symptoms are 
(1) a tonic contraction of the muscles of the limbs of the 
same side by which the fore limbs may be powerfully ex~ 



THE NERVOUS SYSTEM 



173 



resulting action, however this be determined, tends to lay 
down a path which will again be followed. 

(2) Not only will the previous training of the brain thus 
act as the directive force in the response to stimuli, but the 
ntitrition of the brain also plays an important part. The 



STOHlNC. \ 



RCCtlVIN6. 




DlSCHARCINO. 



Fio. 96. — Diagram to illustrate different possible channels of cerebral 

response to stimulation. 



action of a brain when well nourished and freely supplied 
with pure blood is often very different to that of the same 
brain when badly nourished or imperfectly supplied with 
healthy blood. Since the education of the brain really con- 
sists in developing proper responses to various stimuli, the 
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Again, it is quite possible that, after removing the receiving 
mechanism in the cerebrum, external stimuli may lead to 
the usual response by acting through lower reflex arcs 
(Fig. 97). Thus, if we suppose the receiving part of 
the cerebrum connected with the reception of tactile im- 



STOMNC. \ 



necciviNG. 






\ 




Dl»CHARClNC*. 



L— <9 




:^' 



flWAU AAC. 



FlO. 97. — Diagram to show how through reflex action of the lowor arcs the action 

of the higher arcs may be stimiilated. 

pressions entirely destroyed, scratching the sole of the foot 
may still cause the leg to be drawn up, just as if a sensation 
had been experienced. Here although the upper arc is out 
of action the lower arc still acts. 

In the lower animals, stimulation of a part of the brain, 
if it be connected with the reception of impressions, may 
cause the series of movements which naturally follow such 
an impression. But these movements may also be caused 
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without there being any impairment in the power of moving 
the muscles. This was long ago observed by Broca, and hence 
this part of the brain is often called Broca's convolution. 
Similarly, in the hand area, while crude lesions are required 
to cause loss of power of moving the hand, very slight inter- 
ferences with nutrition may cause loss of power of expressing 
language in writing. 



PART II 

NUTRITION OF THE TISSUES 



SECTION VI 
Fluids Bathing the Tissues 

BLOOD AND LYMPH 

The blood carries the necessary nourishment to the tissues, 
and receives their waste products. But it is enclosed in a 
closed system of vessels, and does not come into direct rela- 
tionship with the cells. Outside the blood vessels, and bath- 
ing the cells, is the lymph which plays the part of middleman 
between the blood and the tissues, receiving nourishment 
from the former for the latter, and passing the waste from 
the latter into the former. 

A. BLOOD. 

The va/riou8 physical, chemical, and histological characters 
of blood must be practically investigated, 

L General Charaoters. 

ColouF, — Blood changes its colour from purple to cinnabar 

red on shaking with air, showing that the pigment of the 

blood may exist in two conditions. Elements of Blood. — 

Microscopic examination shows that blood is composed of a 

clear fluid (Liquor Sanguinis or Plasma) in which float 

myriads of small disc-like yellowish-red cells (Erythrocytes), 

and a smaller number of greyish cells (Leucocytes), and 

certain more minute grey particles (Blood Platelets). The 

Opacity of Blood is due to the erythrocytes. When the 

pigment is dissolved out of them by water, and they are 

187 
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It appears that the muacvla/r fibres in the arterioles, 
as elsewhere, tend to malntiun themselves in a state 
of partial contraction, which increases and diminishes 
in a regular rhythmic 
manner. 

The precise part played 
by the nerve terminations '** 

has not been definitely estab- 
lished, but certain drugs 
appear to act specially upon 
them. Thus apocodeine, 
while it does not prevent 
barium salts from constrict- 
ing the vessels, prevents the 
constricting action of ex- 
tracts of the medulla of 1. 
the suprarenals, even when 
the nerves are cut ; and 
hence it must be concluded 
that it paralyses a nervous 
mechanism in the arteriole 
wall, which is stimulated 
by the suprarenal extract. 

Normally this muscular 
mechanism is controlled by 
the nervous system. 

2. TaBO-motor NarveB.^ 

When a nerve going to any fm. i26.-Di.gnn. of th. D»tribuUon of 

part of the body is cut the Vwo-motor NBrrw. The continuoui 

arterioles of the p»rt gene- S'w",". aA'SSIilSr".;.?.! 

rally dilate, when it is Stiinu- Cnnul Narrei; Vag., Vagns; T.S., 

lated the arterioles are Thomdo sj>Dp.tb>t<c ; a.s., Ab- 
umuiUy contracted; some- totb«W- 
times, however, they are 

dilated. Id no case does section of a nerve cause constric- 
tion of the arterioles. 

These facts prove that the vaso-motor nerves may be 
divided mto two classes: — 

let. Vaso-constrictor. 
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of the stream is equal to the amount of blood passing any 
point per second (v) divided by the sectional area of the 
stream (S) — 



V = -^- 

S 



where S is the radius squared multiplied by the con- 
stant 314. 

In the vascular system the sectional area of the aorta 
is small when compared with the sectional area of the 
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Fia 128. — Diagram of the Sectional 'Area of the Vascular SyRtem, upon 
which the Velocity of the Flow depends. .4/?., Arteries; C, 
Capillaries ; F., Veins. 



smaller arteries; while the sectional area of the capillary 
system is no less than 700 times greater than that of the aorta. 
In the venous system the sectional area steadily diminishes, 
although it never becomes so small as in the corresponding 
arteries, and where the great veins enter the heart it is about 
twice the sectional area of the aorta (Fig. 128). 

This arrangement of the sectional area of the stream gives 
rise to a rapid flow in the arteries, a somewhat slower flow in 
the veins, and to a very slow flow in the capillaries. 

The suddenness of the change of pressure has a certain 
influence on the rapidity of flow, as is well seen in a river. 
If the water descends over a sudden declivity to a lower level 
it attains a much greater velocity than if the declivity is 
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expiration. The blood is thus forced on into the arteries and 
so to the muscles, and they, by their alternate contraction 
and relaxation, still further help to drive it on and to accele- 
rate the circulation. The high arterial tension tends to 
drive the blood through the cranial vessels. The benefit 



HIM. CKUtATION 



of intermittent muscular exercise on the circulation is thus 
manifest. 

When, on the other hand, some aastained muaonlar strain 
has to be undei^one, the thorax, is fixed and hence the 
pressure in the heart and thoracic organs is raised, and the 
increased pressure in the thorax helps to support the heart 
and to prevent over-distension. The abdominal vessels are 
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tinguished — (1) Yowel Sounds. These are musical sounds 
produced by a blast of air which is so modified by changing 
the shape of the mouth as to produce the well-known a, e, i, 
o, u (Fig. 143). 

In sounding a, the mouth resembles a funnel with the 
wide part forward. 

In i, it may be compared to a flask with the belly behind 
and the neck forward. 

In u, the flask is reversed, the belly being forward. 

In 0, the mouth is intermediate between its position in 
u and a, and in e between a and i. 

(2) Gonsonaiit Gkiunds. — These are more of the nature of 
noises — irregular vibration. They are produced either — (1) 
at the lips, (2) between the teeth and hard palate and 
the tongue, or (3) at the soft palate and back of the tongue. 
At these situations sounds may be produced — (1) by closing 
the orifice and then suddenly forcing it open, (2) by sending 
a current of air over a narrowing produced at one of these 
places, (3) by setting the edges of the narrowing in vibration. 
When the mouth is closed at one of these situations and air 
is forced through the nose the nasal consonant sounds result. 

Thus, according to their mode of production, the consonant 
sounds may be classified into explosives, aspirates, vibratories, 
or nasals. 





Labials. 


Dentals. 


Gutturals. 


Explosives . 
Aspirates . 
Vioratory . 
Nasals 


P. B. 
F. V. 

... 

M. 


T. D. 
S. L. Th. 
R. (English). 

N. 


K. G. 

Ch. (German). 
R. (French). 
Ng. 
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By the polymerisation of two monosaccharid molecules 
with the loss of water, disaocharids, or double sugars, are 
formed. Thus, two glucose molecules polymerise to form 
one maltose molecule. 

CeHjgOg + CgHijOg = 2 (CgHigOg) — H2O 

= CigHjgOii 

Maltose is the sugar formed by the action of malt and other 
vegetable and animal zymins upon starch. By the action of 
dilute acids and other agents it can be split into two dextrose 
molecules. Like the monosaccharids, it ferments with yeast. 

Lactose, the sugar of milk, is a disaccharid composed of 
a molecule of dextrose imited to a molecule of galactose 
with dehydration. It readily splits into these two mono- 
saccharids, but does not ferment with yeast. 

Dextrose, polymerising with Isevulose, yields cane sugar, 
and this sugar, so largely used as an article of food, can be 
split into dextrose and IsBVulose. It does not reduce Fehling's 
solution, and does not ferment with yeast. 

By further polymerisation of monosaccharids with the loss 
of watjBr, molecules of greater size are produced and form the 
set of substances known as the polysaccharids. Among the 
simplest of these is dextrin, produced by the polymerisation 
of twelve molecules of glucose with the loss of twelve 
molecules of water. 

12(CeH,20e-H20) 
= 12(CeH,oO,) 

Closely allied to dextrin is invZin. But while dextrin is 
formed of dextrose molecules, inulin contains kevulose mole- 
cules. Both are formed from the splitting of the more 
complex starches. The molecule of soluble starch is built up 
of no less than thirty dehydrated monosaccharid molecules, 
and has a molecular weight of 9000. Ordinary starch seems 
to have a molecular weight of 20,000 or 30,000, and hence 
must be of still greater complexity. 

These polysaccharids are distinguished from the sugars by 
being precipitated from their solutions by the addition of 
alcohol They are not oxidised when boiled with caustic 
potash, nor do they change to alcohol and carbon dioxide 
under the influence of yeast. In cold neutral or acid solu- 
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attack any proteid which is not absorbed — splitting it up and 
forming among other substances a series of aromatic bodies, 
of which the chief are indol, skatol, and phenol. 
Indol is a derivative of ethyl-amido-benzene. 

Q jj I ^ \rT Amido-benzene. 





/\ H H H 
I P XT I — N — C — C — H Ethyl-amido-benzene. 





H 



C— H Indol. 




.C— H 

In Skatol a hydrogen of the ethyl of indol is replaced 
by CH,. 
Phenol is 




I c«H, r°~" 




By taking embryo guinea-pigs at full time from the uterus 
and keeping them with aseptic precautions, it has been shown 
that the absence of micro-organisms from the intestine does 
not interfere with digestion. 

The most important and abundant organism present in 
the intestinal tract is the bacillus coli communis, which has 
a certain power of splitting proteids and a marked action 
in producing acids from sugars. Its presence in water is 
generally considered indicative of sewage contamination. 
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with, while in other diseases, when this centre has been 
destroyed, the sphincter does not contract, and fseces may 
escape continuously. Normally the act of defiaecation is 
partly voluntary and partly involuntary. The voluntary part 
of the act consists in closing the glottis, and making a forced 
expiration so as to press upon the contents of the abdomen, 
while at the same time the perineal muscles are relaxed, and 
the rectum straightened, and thus the contents are allowed 
to pass into the anal canal. The act is completed by the 
emptying of the rectum by the contraction of the levatores 
ani muscles. 
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just stated, the loss of heat per unit of weight is greater than 
in their elders. Weight for weight, a child thus requires 
a greater supply of energy than a man. The following 
results, based ypon obserrations on diets recorded by 
Camerer, illustrate this: — 



Age. Weight in Kilos. 



4 
12 
30 



14 
30 
66 



Energy used per Kilo 
in Calories. 



91-3 
57-7 
42-4 



Total EDergy 
in Calories. 



1280 
1730 
2800 



It will thus be seen that the energy requirements of chil- 
dren at different ages may be stated in terms of the energy 
requirements of an adult man doing average work. Atwater 
formulates this as follows : — 



Taking a man at 
A woman 
A boy of 14 to 16 
A girl „ 
A child 10 to 13 
6 to 9 
2 to 5 
under 2 



. 1-0 
is equivalent to 0*8 of a man. 
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0-8 
0-7 
0-6 
0-5 
0-4 
0-3 
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II 



II 



II 
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Mode of Life. — An individual kept warm and at rest, re- 
quires much less energy than if he is required to do muscular 
work and is exposed to cold. The variations in the amount 
of material used in different conditions is well illustrated by 
the experiments of Zuntz on the excretion of carbon dioxide 
in the dog. 



Resting lying 

„ standing .... 
Forward movement (unloaded) 

(drawing weight) 



COj excreted per 
minute in ccms. 

1247 
170-2 
525-0 
798-9 



These results are corroborated by a study of the diet re- 
quired to maintain the weight and health of men doing 
different amounts of work. From a large series of such 
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com 



into a rabbit the serum of the rabbit's blood becomes 
hsBToolytic — i,e, acquires the power of dissolving the 
erythrocytes in human blood. In 
tins case too the immxme body re- 
quires the presence of a comple- 
ment, readily destroyed at a low 
temperature, to enable it to act. 

Preoipitins. — By the injection of 
the proteids of the blood of any parti- 
cular animal into an animal of another 
species a serum is developed which 
precipitates the proteids of the blood 
of the first species and of no others. 

In these various cases the active 
body is produced by the throwing 
off of side chains from protoplasm, 
and as these products are carried away in the blood the 
process is exactly analogous to the formation of internal 
secretions. 




Fio. 165.— To illustrate the 
anchoriDg of the anti- 
body, a, to the cell by 
a side chain, te, and 
the action upon it of 
complement, com. 
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It is oxidised into indoxyl thus — 

H 




— H 



OH 



This when linked to sulphate of potassium forms indoxyl- 
sulphate of potassium or indioan. 

H 



/\-i. 



CgH^ 




_N— C— H 

// 
■C 

I 
OSOgOK 

From skatol, which is methyl-indol, skatoxyl-sulphate of 
potassium is formed in the same way. 

These bodies are colourless, but when oxidised they yield 
pigments — indican yielding indigo blue, skatoxyl-sulphate of 
potassium yielding a rose colour. 




— O— H 




— 0— SOgOK 



Phenol is also linked with sulphate of potassium, and 
excreted in the urine. 

Their amount depends upon the activity of putrefaction in 
the intestine, and is a good index of its extent. 



PART III 

SECTION XII 

Reproduction 

So far the animal has been studied simply as an individual. 
But it has also to be regarded as part of a species, as an entity 
which has not only to lead its own life, but to transmit that 
life to offsprmg. 

The various problems of reproduction have been already 
studied by the student in connection with biology, and it is 
here sufficient to indicate some of the main points in the 
physiology of the process in mammals. 

(The stnicture of the organs of reproduction must he 
stvdied practically.) 

While the individual is actively growing, the reproductive 
organs are quiescent ; but when puberty is reached, they begin 
to perform their functions — the testes to produce sperma- 
tozoa, the ovary to produce mature ova. 

The removal of the sexual organs in the young animal 
leads to arrest in the development of the special sexual 
characters, especially in the male, in which these characters 
are generally best marked. Simple ligature of the vaa 
deferens has not this effect. 

The genital gland in both sexes is formed from a longi- 
tudinal thickening or ridge at the posterior part of the 
coelom or peritoneal cavity. Over this ridge the endothelium 
thickens and becomes epithelial-like in structure. Groups 
of cells grow down into the tissue below. 

In the ovary one of these cells in a group takes a central 

position and forms the ovum, while the other cells get 

arranged around it to form the zona granulosa, the whole 

group constituting a Graafian follicle. 

4x3 
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quiescent for a short time, and then contractions supervene, 
and the placenta and lining of the uterus are expelled as 
the after-birth. These uterine contractions are presided over 
by a nerve-centre in the lumbar enlargement of the cord, and 
in all probability the nervi erigentes play an important part 
in their production. 
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SOME ELEMENTARY FACTS OF ORGANIC CHEMISTRY 



The following elementary facts may help the student who has 
neglected the study of the outlines of Organic Chemistry. 

Organic compounds are built round the four-handed carbon atom 



J- 



When each hand links to the one-handed hydrogen atom, 
Methane — H 



H — C — H is formed. 



H 

By taking away a hydrogen atom from two Methane mole- 
cules and linking these molecules together 

Ethane — H H 



H — C — C — H is produced. 

I I 
H H 

By further linking more and more of these molecules together, 
similar molecules containing three, four, five or more carbon atoms 
are produced. 

When each carbon has its due proportion of hydrogen atoms it 

is saturated, but if two hydrogen atoms are let go, the unoccupied 

hands of the carbon may join and form an unsaturated molecule, 

thus : — 

Ethane becomes Ethylene H H 

I I 
H— C=C— H 

When one hydrogen atom is taken away and the molecule has a 
hand ready to link with some other substance a radical is consti- 
tuted, and these are known as Methyl, Ethtl, &c. 

421 
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Alcohols. — When the two-handed oxygen atom, — — linked to 
hydrogen H — and thus forming the hydroxyl molecule — OH is 
linked to the vacant hand of the radical, an alcohol is formed, e.g, — 

H(H) 



H— C— C— 0— (H) Ethyl Alcohol. 

When the terminal carbon is thus oxidised a Primary Alcohol 
is formed — but if a middle carbon atom is oxidised, a Secondary 
Alcohol is produced — 
H OH H 

H— 0— C— C— H Secondary Propyl Alcohol. 

I I i 
H H H 

But the oxidation may involve more than one carbon atom and 
thus the atomic Polyvalent Alcohols are produced — 

OH OH OH 



H — C — O — C — H Glycerin. 

I I I 

H H H 

Aldehydes. — When from a Primary Alcohol the two hydrogens 
in brackets are removed, the vacant hand of the oxygen links to 
the vacant hand of the carbon to form an Aldehyde — 

H 



H -0—0=0 Ethyl Aldehyde. 



H (H) 

Ketones. — These are formed in the same way from the Secondary 
Alcohols, thus : — 
H H 

TT A Ji A TT Acetone, the Ketone of Secondary 

I I Propyl Alcohol. 

H H 

Acids. — If the hydrogen of the Aldehyde in brackets is replaced 
by hydroxyl — OH an acid is produced — 

HO 

H— 0- 

I 
H 



-0 — — H Acetic acid 
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The carhoxyl group to the right of the dotted line is characteristic 
of the acids. 

The oxidation may be carried on at each end of the line and the 
divalent acids are thus produced 

O O 



H— O— 0— C— O— H OxaUc acid. 

If in the radical of one of these acids a hydrogen is replaced by 
hydroxyl — OH an oxi-acid is formed, thus ; — 

H H O 

H— C— C— O— O— H Propionic acid 

I I 
H H 

may be converted to the two Lactic acids called (a) and (b) oxy- 
propionic acid, according to the carbon which is oxidised 

H OH O 

I I II 
H— C— 0-^C— O— H 



H H 

and 

OH H O 



H— 0— C— C— O— H 

I I 
H H 

Similar oxy-acids are formed from the divalent acids. 

Benzenk Compounds. 

An important series of carbon compounds contain a ring of six 
carbons, each with an unsatisfied affinity, thus : — 

I 


^ \ 

— C C— 

J J- 

V 

When each hand holds a hydrogen, benzene is foiTaedt 
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These hydrogens may be replaced by various molecules giving 
rise to a large series of different compounds. 

Nitrogen-containing Compounds. 

« 

Ammonia. — The three-handed Nitrogen by linking with three 

hydrogens forms Ammonia, 

H 



H— N— H 

If one of these hydrogens is removed, Amidogen, which can link 
with other molecules, is produced. 

Amido Adds. — If one of the hydrogen atoms in the radical of 
an acid is replaced by amidogen a mon-amido acid is formed, thus : — 

H 
^N — C — C — O — H Amido acetic acid. 

h/ I 

H 

When two hydrogen atoms are thus replaced, a di-amido acid is 
produced — 

NH, NH, O 



H — C — C — — O — H Di-amido propionic acid. 

I I 

H H 

Amides. — If the amidogen molecule takes the place of the 
hydroxyl in the carboxyl of an acid an amide results, thus : — 

O 



H— C— O— H Formic acid. 

O 



II /H 

H — C — N^ Formamide. 

From the dibasic carbonic acid, 

O 

II 
H— O— 0— 0— H 

is formed 

O 

Hv II /H 

\N— C— N< 

the important substance urea. 
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Urea molecules may link together — 

(a) By dropping hydrogens when Biuret is produced. 

H H O 

Hv II I I II .H 



^\ 11 I I II / 
\N— 0— N— N— C— N< 

(b) By holding on to an intermediate radical of an acid, e.g. 
the unsaturated three carbon acrylic acid. These are Diureided of 
which the most important is Uric Acid. 

O 



H— 



N— C 

L 
I I 



C— 



H— N N— 



N N- 

Y 



-N— H 

I 

c=o 

H 



O 
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Abdominal breathing, 283 
Abducens nerve, 169 
Absorption of carbohydrates, 359 

channels of, 358 

of fats, 359 

of food, 357, 381 

of food proteids, 358 

from the stomach, 340 
Accessorius, 158 
Accommodation, positive, 111 et seq. 

range of, 114 
Acetone, 422 
Achromatin, 18 
Achroo-dextrin, 329 
Acid proteate, 334 

sniphur in the nrine, 399 
Acids, divalent, 423 

in gastric juice (tee Gastric juice) 

organic, 422 
Acinus, 25 

Acrylic acid, 397, 425 
Action, reflex, 87, 88, 91 

latent time of, 88 

voluntary, 88, 92 
Addison's disease, 384 
Adipose tissue, 31 
Adrenalin, 386 
^thalium septicum, 16 
After-birth, 420 
Air {see Complemental, &c.) 
Air vesicles in the lungs, 277 
Albumin, 11 

Albuminoids, energy value of, 315 
Albumose, 11 

Alcohol as a food accessorv, 382 
Alcohols, chemistry of, 422 

polyvalent, 42i2 

primary, 422 

secondary, 422 
Aldehydes, 422 
Alimentary canal, 324 et seq, 

bacterial action in, 350 

development of, 416 

nerve supply of, 327 

physiology of, 328 

structure, 324 
Allantoic arteries, 417 
Allantoin, 398 
Allantois, 418 
Alloxantin, 398 



Amides, 424 
Amido-benzene, 351 

Amido-ethane-sulphuric acid (tauro- 

cholic acid), 342 
Amido-isethionic acid, 352 
Amido-propionic acid, 401 
Amitotic division, 21 
Ammonia, 11, 424 

Ammonio-magnesium phosphate, 396 
Ammonium salts in urine, 396 
Amniotic fluid, 416 

sac, 416 
Amoeboid movement, 193 
Amount of respired air, 286 
Ampulla, 165 
Amyl nitrite and influence on blood 

pressure, 260 
Amylolytic period of gastric diges- 
tion, 334 
Amylopsin, 347 
Anabolic phenomena, 8 
Anacrotic pulse, 252 
Analysis of alveolar air, 302 
Anelectrotonus, 48 
Annulus of Vieussens, 243 
Anterior corpora quadrigemina, 156, 
167 
pyramids of the medulla, 156 
Antero-lateral ascending tract, 153, 
156, 162 
descending tract, 163, 167 
Antitoxin, 392 
Anns, 326 
Apex beat, 223 
Appendix, auricular, left, 218 
Appendix, vermiform, 326 
Apocodeine, 143, 263, 385 
Aqueous humour, 107 
Arc, cerebellar, 90 
cerebral, 89 
spinal, 89 
Areolar tissue, 30 
Arginin, 10 
Arteries, 209 

pressure in, 227. 245, 258. 259 
et seq. 
Arterioles, methods of studying their 
condition, 260 
normal state of, 261 
walls (muscular) of, 262 
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Branner's glands, 326 
Buccinator mascle, 331 
Bulbous plants, 321 
Butter as food, 319 
Butyrin, 319 

Caffeine, 383 
Calamus scriptorius, 266 
Calcification of cartilage, 37 
Calculi, urinary, 398 
Calories, 314 

definition of, 73 
Calorimeter, 314 

Camerer, observations on diet, 377 
Canal, Haversian, 37 
Canaliculi, 35 
Canals, semicircular, 133 

physiology of, 164 
Cancellous tissue of bone, 35 
Cane sugar, 317 
Capillaries, 209, 244 

pulse in, 254 

pressure in, 245, 259, 267 et teq. 
Capronin, 319 
Capsule, internal, 168 
Carpylin, 319 

Carbohydrates, action of gastric juice 
on, 336 

as diet, 375 

as they leave the alimentary 
canal, 357 

definition of, 316 

energy value of, 318 

requirement of, 379 

tests for, 316 et teq. 

their conversion to fat, 365 
Carbon dioxide in blood, 200 

in the urine, 403 
Carbon monoxide haemoglobin, 197 
Carbonate of ammonia, 359 
Cardiac contraction, nature of, 236 
Cardiac cycle, 219 

duration of phases of, 221 
Cardiac end of stomach, 325 

failure, 268 

glands of stomach, 325 

impulse, 223, 233 

muscle, 67 

plexus, superficial, 240 

branches of the vagus, 239 et 
seq., 267 
Cardiogram, 225, 231 
Cardiograph, 224 
Cardiometer (Roy's), 234 
Cardio-pneumatic movements, 297 

during hibernation, 298 
Carrots as food , 321 
Cartilage, 33 

hjaline, 33 

parenchymatous, 33 
Cartilages of the larynx, 307 



Casein (ut Milk) 
Caseinogen, 319, 411 
Catalysis, 7 
Cathelectrotonus, 48 
Catheterisation of lungs, 302 
Caudate nucleus, 169 
Cells, chalice, 24 

fat, 31 

nerve, 76 

pigment, 32 

reproduction of, 18 
Cellulose, 320 
Central spot of the eye, 181 
Centre, auditory, 181 

for dilator pupillae, 112 

for smell, 140, 182 

for speech, 185 

for sphincter pupillse, 112 

for vomiting, 341 

respiratory, 290 

taste, 182 

touch, 182, 183 

vaso-constrictor, 266 

visual, 128 

voluntary, 184 
Centrosome, 14 
Cereals, 321 
Cerebellar tracts, 152 
Cerebellum, 160 et teq. 

connections of, 162 

cortex of, 161 

functions of, 162 

grey matter of, 161 

peduncles of, 155, 162 

removal of, 162 

superior vermis of, 156 
Cerebral cortex, 156, 169 

action of, 174 

action of drugs on, 175 

action, time of, 175 
Cerebrum, 168 et seq. 

differentiation of stimuli of, 174 

functions of, 171 

grey matter of, 168 

localisation of functions, 178 

peduncles of, 167 

removal of, 171 
Cheese as food, 319 
Chemiotaxis, 16 
Chest voice [see Voice) 
Chittenden on proteid requirements, 

379 
Chlorine-containing bodies in urine, 

402 
Cholalic acid, 342 
Cholera bacillus, action of gastric 

juice on, 336 
Cholesterin, 79, 194, 342 ei aeq., 353, 410 
Cholin, 78, 79 
Chondroitin, 33 
Chorda tympani, 264, 330 
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Diamido acids, 10, 350, 424 
Diapedesis, 193 
Diaphragm, 281 
Diapbysis, 38 
Diastole of heart, 219, 221 
Dicrotic notch, 251 

wave, 250, 251 
Diet, 375 et seq. 

during muscular work, 72 

typical, for an average man, 
380 
Dietetics, 376 
Diffusion of gases in lungs, 287, 300, 

303 
Digestion, 312 et seq, 

fate of the secretions of, 352 

intestinal, 341 

in mouth, 328 

in stomach, 333 

of stomach wall, 336 
Dilatores narium, 284 

pupillse, 107 

pnpillse, course of fibres, 113 
Dioptric mechanism, 106 
Dioxy benzene, 401 
Diphtheria bacillus, 391 

toxin, 391 
Direct or dorsal cerebellar tract, 153, 
156, 162 

pyramidal tract, 153 
Disaccharids, 317 
Discharging mechanism (cerebral), 

183 
Distinction of differences of pressure, 

99 
Distinction of place of contact, 100 

of time contacts, 100 
Diureides, 397, 425 
Divalent acids, 423 
Dobie's line, 41 
Ductless glands, 384 et seq. 
Ductus arteriosus, 418 

arteriosus, closure of, 419 

venosus, 418 

venosus, obliteration of, 419 
Duodenum, 326 
Djaster stage of mitosis, 20 
Dynamometer, 55 

Ear, anatomy of, 130 et seq. 

external, 130 

internal, 132 et seq. 

middle, 130 et seq. 
Eck's fistula, 370 
Eggs as food, 320 
Ehrlich's side chain theory, 391 
Elastin, 29, 316 

action of trypsin on, 347 
Electrode, non-polarisable, 65 
Electrotonus, 48 
Eleventh nerve {see Spinal accessory) 



Emmetropia, 110 
Emulsification, 347 
Endocardium, 214 
Endolymph, 166 
Endothelium, 30 

Energy requirements of individuals, 
377 

factors modifying, 376 
Energy value of food, 313 

determination of, 314 
Entero-hsemal circulation, 352 
Enterokinase, 348, 350 
Enzymes, 7 

Eosinophiles {see Leucocytes) 
Epiblast, 416 

parts developed from, 416 
Epiglottis, 307 
Epiphysis, 38 
Epithelium, ciliated, 27 

columnar, 23 

excreting, 27 

glandular, 25 

mucin-secreting, 25 

simple squamous, 22 

stratified squamous, 22 

zymin-secreting, 26 
Erection, 415 

mechanism of, 415 
Erepsin, 350, 369 
Ergograph, 64 
Erythrocytes, 187, 194 et seq., 202 

chemistry of. 194 

fate of, 204 
Erythro-dextrin,329 
Estimation of weight of objects, 

97 
Ethane, 421 

Ethereal sulphates in urine, 399 
Ethylene, 421 
Euglobulin, 191 
Eustachian tube, 131, 132 
Excretion, effect of muscular work 
on, 71 

by the kidneys, 394 et seq. 

by the lungs {see Respiration) 

by the skin, 408 
Exophthalmic goitre, 388 
Expiration, 284 

forced, 285 
Expired air, 299 
Eye, 103 et seq. 

anatomy of, 106 et seq. 

connection with central nervous 
system, 126 

distance of central spot, 117 

emmetropic, 110 

hyaloid membrane of, 108 

nervous mechanism of movement, 
125 

physiology of, 109 
Eyeballs, movement of, 124 

28 
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Facial nerve, 159 
Faices, 353 

in fasting animals, 353 
in feeding animals, 353 
in infants, 353 
Fallopian tube, 414, 415 
Falsetto voice [see Voice) 
Far point of vision, 112 
Fasting, metabolism during, 373 
Fat cells, 31 
Fatigue of cerebral mechanism, 176 

of muscle, 55 
Fats. 31, 191 

in bacon, 320 

in diet, 376 

energy value of, 315 

gastric juice on, 336 

metabolism of, 372 

as they leave the alimentary 
canal, 357 
Fatty acids, 31 

tissue, storage in, 365 
Feeding, effect of, 374 
Fehling's test, 316 
Fenestra ovalis, 130 

rotunda, 130 
Ferrier, experiments on brain of 

monkey, 181, 182 
Ferro-proteids, 13 
Fibres, elastic, 29 

nerve, 78 

non-elastic, 29 

non-meduUated nerve, 78 

pre-ganglionic and post-gangli- 
onic fibres, 143 

splanchnic, 144 et seq. 

somatic, 144 
Fibrin, 189 
Fibrinogen, 189 
Fibroblasts, 28 
Fibro-cartihi^e, elastic, 34 

white, 34 
Fibrous tissue, 28 
Field of vision, 117 
Fifth cranial nerve [set Trigeminal) 
Filiform papillae, 324 
l^llet, 155 et seq. 
Fissure of Rolando, 183 
Flesh. 319 

olTect of cooking on, 322 

preserved, 320 
Flocculus, 161 

Floor of tiie fourth ventricle, 155 
Fluoride of sodium, action on epithe- 
lium, 358 
Foetal circulation, 418 
Food, 312 c« scq. 

absorption of, 340 et seq. 

animal, 318 

effect of, on respiratory inter- 
change, 305 



Food, fate of absorbed, 360 

nature of, 312 

vegetable, 320 
Foramen ovale, 418 

occlusion of, 419 
Formamide, 424 
Formic acid, 424 
Foster, changes in protoplasm, 8 
Fourth cranial nerve {see Trochlearis) 
Frauenhofer's lines, 195 
Frog's heart, 219 
Functions of the spinal cord, 149 

Galactose, 316 

Gall-bladder, 326 

Gall-stones, 343 

Galvanic current, stimulation of 

muscle bv, 50 
Galvanotaxis, 16 
Galvanotonus, 47 
Ganglia, collateral, 143 

inferior mesenteric, 144 

lateral, 144 

superior cervical, 144 

superior mesenteric, 144 
Gases of the blood, 199 
Gaskell, nervous mechanism of the 

heart, 241 
Gastric digestion, amylolytic period, 
333 

proteolytic period, 334 
Gastric glands, 325 
Gastric juice, 333 

action on gelatin, 335 

antiseptic action, 330 

influence of diet on, 337 

source of constituents, 336 
Gelatin, 29, 315 

action of trypsin on, 347 
Gemmules, 77, 175 
Generative organs, 413 et seq. 
Geniculate bodies, 181 
Germ centres, 201 
Germinal epithelium, 414 

spot, 414 

vesicle, 414 
Gestation, 419 
Giant cells, 202 
Glands, compound, 25 

racemose, 25 

simple tubular, 25 
Globin. 199 
Globulin, 11 
Globulose, 11 

Glomerulus of kidney. 403 
Glossopharyngeal nerve, 158, 331 

influence on respiration, 293 
Glucosamine, 26, 33 
Glucose, 42, 191,313 

of blood, 201 
Glycerin, 422 
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Glycero-phogpbates in urine, 402 

Gljcocholic acid, 341 

Glycocoll, 399 

Glycogen, 42, 318 

Glycogenic function of the liver [tee 
Liver) 

Glyco-proteids, 13, 26 

Glycosuria, 368 

Glycuronic acid, 33 

Gmelin's test, 342, 353 

Golgi, organs of, 97 

Golg^'s method of nerve staining, 170 

Goltz, experiments on cerebral cortex, 
172 

Graafian follicle, 413 

Granules, Nissl's, 76 

Gravity, influence on capillary pres- 
sure, 269 

Grey matter {see Cerebrum, &c.) 

Growth in length of bone, 38 

Grttbler's peptone, 357 

Guanidin, 43 

Gutturals {$ee Consonants) 

H^MATIN, 198 
Hsematoidin, 198, 343 
Haematoporphyrin, 198, 343, 402 
Hsemin, 198 
Hsemochromogen, 198 
Hsemocytometer, 194 
Haemoglobin, 43, 195 

action of hydrochloric acid on, 
335 

decomposition of, 198 

reduced, 195 
Hsemoglobinometer, Haldane's, 196 
Hsmolymph glands, 201, 205 
Haemolysis, 205, 393 
Hair, 408 

Haldane, experiments on air contain- 
ing carbon monoxide, 302 

and Barcroft, method for gases 
in blood, 199 

and Lorrain Smith, method for 
total blood, 203 
Hassall, corpuscles of, 389 
Haversian canals, spaces, &c., 37 
Hearing, 129 et seq. 
Heart, 211 et seq. 

changes in shape, 222 

changes in position, 222 

connection with central nervous 
system, 239 et seq. 

connection in frog, 239 

connection in mammal, 239 

effect of atropin on, 239 

electrical stimulation of, 239 

fibrous rings of, 212 

of frog, 219 

physiology of, 219 

pulmonic, 210, 211 



Heart, relations of, 218 

sounds of, 231 et teq, 

structure, 211 et teq. 

systemic, 209, 211 

valves {see Valves) 

work of, 234 
Heat elimination, 361, 364 

elimination, nervous mechanism 
in, 365 

elimination from skin, 361 

elimination from respiratory pas- 
sages, 362 

elimination in urine and faeces , 362 

production, 360, 364 

production in the brain, 361 

production in glands, 360 

production in muscle, 360 

units, 314 
Henle's loop, 403 
Hemisection of spinal cord, 151 
Hemispheres, cerebral (see Cerebrum) 
Herbivorous animals, 313 
Hetero-proteose, 334 
Hexone bases, 10 
Hiccough, 286 
High tension pulse, 254 
Highmori, corpus {see Corpus) 
Hippocampal convolution, 182 
Hippuric acid, 399 
Hiatidin, 10 
Histones, 12 

Holoblastic segmentation, 415 
Hoppe-Seyler, changes in proto- 
plasm, 8 
Hot spots, 102 
Hyaline cartilage, 33 
Hyaloid membrane, 108 
Hyaloplasm, 15 
Hydrocarbons, unsaturated, 421 

saturated, 421 
Hydrochloric acid, 334 
Hydroxyl molecule, 422 
Hypermetropia, 115 
Hypnosis, 177 
Hypoblast, 416 

parts developed from, 41G 
Hypoglossal nerve, 158 
Hypoxanthin, 398 

ILEO-C^CAL valve, 326 
Illumination, degree of, 103 

source of, 103 
Illusions, optical, 129 
Immune body, 392 
Immunity, 391 
Impregnation, 415 
Incompetence (cardiac), 234 
Incus, 131 
Indol, 351, 354, 399 
Indoxyl, 400 
Indican, 400 
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Induced electricity, stimulation of 

muscle by, 47 
Inferior oblique muscle, 125 

olivary nucleus, 155 
Inflation of lungs, artificial, 292 
Infundibula, pulmonary, 215, 278 
Inhibition, intra-cardiac mechanism, 

238 
Inhibitory action of vagus, 241 
Inhibitory nerves, 85 
Inorganic salts in food, 312 
Inosite, 43, 320 
Inspiration, 280 
forced, 284 
forces opposing, 281 
Intercostal muscles, external, 283 
Internal capsule, 168 
Internal secretion, 384 

secretion, effect on blood pres- 
sure, 260 
Intestines, 325 et seq. 

absorption from, 358 tt $eq. 
digestion in, 341 et seq. 
movements of, 354 
nerve supply of, 327 
secretion of wall {see Succus 
entericus) 
Intra-cardiac pressure, changes in, 
225 
pressure, method of determining, 
225 
Inulin, 317 
lodothyrin, 386 
Iris, 107 

Islets of Langerhans, 327 
Isometric method of measuring mus- 
cular contraction, 55 
Isotonic metliod of measuring mus- 
cular contraction, 55 

Jacksonian epilepsy, 174, 182, 185 
Jacobsen's nerve, 331 
Jecorin, 191 
Joule's law, 314 
Juice, gastric, 333 et seq. 
pancreatic, 346 

Katabolic changes, 8 

Katacrotic crests, 252 

Kennedy's experiments on nerve 

crossing, 81 
Keratin, 13, 23, 315 
Ketones, 422 
Knee jerk, 151 
Kidney, 403 et Kcq. 

circulation in, 403 

physiology, 404 

structure, 403 

Labials {see Consonants) 
Labour, 419 



Labyrinth of ear, 132 
Lactase, 350 
Lactate of ammonia, 370 
I^acteals, 358 
Lactic acid, 412, 423 
Lactose, 317, 319 
Lacunae, 35 
LsBvulose, 316 
Lamellse, Haversian, 37 

interstitial, 37 

medullary, 37 

peripheral, 37 
Langerhans, islets of, 327, 390 
Langley, experiment on vagus and 

sympathetic nerves, 81 
Language, spoken, 310 
Lanolins, 410 
Large intestine, 326 
Laryngoscope, 308 
Larynx, cartil^es of, 307 

mucous membrane of, 308 

muscles of, 308 

nervous mechanism of, 309 

physiology of, 309 

position in deglutition, 332 

structure of, 307 
Lateral fillet, 155 
Law, Pfluger's, 83 

of po&r excitation, 49 
Lecithin, 78,194, 320, 343, 366, 368, 412 
Left inferior frontal convolution, 185 
Legumens, 321 
Lens, crystalline, 108 
Lenticular nucleus, 168 
Lentils, as food, 321 
Lesions of the cerebral cortex, 185 
Leucin, 11, 347, 350 
Leucoblasts, 202 
Leucocytes, 187, 192 ct scq.^ 201 

chemistry of, 193 

fate of, 204 
Leucocytosis, 30, 202 

digestion, 358 
Levatores costarum, 283 
Levy and Zuntz's experiments on 

diet, 374 
Lieberkuhn's follicles, 325, 326, 349 
Light, 103 
Liquor folliculi, 414 

sanguinis, 187 
Lipochrome, 190 
Livssauer's tract, 153 
Liver, 205, 326 ct seq. 

development of, 366 

formation of urea in, 369 

glycogenic function, 366 

relation to fats, 36S 

relation to general metabolism, 
366 

relation to proteids. 368 

storage of carbohydrates, 366 
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Liver, sninmarj of fanctions, 373 
Localisation of functions, 178 
Lockhart Clarke's column, 90, 153 
Lorrain Smith and Haldane's method 

for total blood, 203 
Loudness of sounds, 309 
Lungs, 278, 279 

air sacs, 278 

capillaries, 278 

elasticity of, 278 

interchange between air and 
blood in, 298 

physiology of, 279 et teq. 
Lymph, 187 et seq.^ 206 et teq. 

chemistry of, 207 

in disease, 207 

formation of, 208 

specific gravity of, 207 

vessels, 209 
Lymphatic glands, 201, 209, 258 
Lymphatics, pressure in, 246, 270 
Lymphocytes, 192 
Lymphoid tissue, 30, 201 
Lysin, 10 

Macula lutea, 181 
Maize, 321 
Malic acid, 313 
Malleus, 131 
Malpighian bodies, 403 

bodies, secretion in, 404 

corpuscles, 206 
Maltose, 317, 329 
Mammary glands, 409, 411 
Marchi's method of nerve-staining, 

86, 152 
Mariotte's experiment, 116 
Mastication, 328 

Maternal attachment of ovum, 417 
M'Fie, experiments with extract of 

suprarenal, 385 
Meconium, 354 
Medulla of kidnev, 403 
Medulla oblongata, 154 et teq. 

commissural fibres of, 157 

conducting paths in, 155 

grey matter of, 155 

pyramids of, 156 

reflexes of, 160 

structure of, 154 
Medullary sheath, 78 
Meissner's plexus, 328 
Melanin, 32 

Membrana tympani, 130 
Membranous labyrintli, 133 
Memory, 175 
Menstrual period, 415 
Menstruation, 414 
Mesial fillet, 156 
Mesoblast, 416 

parts developed from, 416 



Metabolic equilibrium, 374 
Metabolism, general, 8, 371 

during fasting, 373 

of fats, 372 

proteid, 371 

method of investigating, 371 
Methsemoglobin, 196 
Methane, 421 

Methylene blue, use in muscle ex- 
periments, 303 
Micro-organisms, 193 

in cheese, 319 
Micturition, 407 
Milk, 318 

composition of cow's, 318 

composition of human, 318 

effect of cooking on, 322 

fats, 412 

phosphorus compounds of, 412 

proteids of, 411 

secretion of, 410 

souring of, 412 

sugar of, 412 
Mitosis, 19 
Mitral area, 233 

valve, 214 
Molecular layers of retina, 108 
Monamido acids, 11, 424 
Monaster stage of cell division, 20 
Monosaccharids, 316 
Monotremes, 182 
Motor nerves (w<j Nerves) 

points, 46 
Mott, views on the Rolandic area, 183 
Mouth, 324 

nerve supply of, 327 
Mucin, 13, 25, 26, 315, 344, 387 

secreting epithelium, 25 
Mucoid tissue, 27 

Mucous membrane of large intestine, 
326 

of small intestine, 325 

of stomach, 325 

of uterus, 414 
Murexide test, 398 
Murmurs, cardiac, 233 

simulation of, by breath sounds, 
298 
Muscle, 40 et seq. 

absolute force of, 55 

application of weights to, 57 

carbohydrates of, 42 

cardiac, 67 

changesin blood passing through, 
69 

changes in shape, 51 

chemical changes in, 67 

chemistry of, 41 

death of, 74 

duration of contraction, 54 

electrical changes in, 65 
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Muscle, electrical condition of, 45 

extensibility of, 44, 66 

fatigue, 55 

heat production in, 45, 63 

latent period of contraction, 54 

minimum stimulus, 56 

optimum load, 62 

optimum stimulus, 57 

physical characters of, 44 

proteids of, 42 

respiration of excised muscle, 69 

skeletal, 40 

spindles, 97 

stimulation by galvanic current, 
50 

stimulation by induced elec- 
tricity, 49 

storag^e of food in, 366 

structure of, 40 

successive stimuli, 57 

temperature effects, 56 

visceral, 40, 66 

visceral, staircose contraction of, 
67 

voluntary contraction, 59 

wave of contraction, 52 

work, 61 
Muscles, co-operative antagonism of, 

60 
Muscular sense [see Sense) 

sense, centre for, 183 
Muscular work, effect on excreta, 71 

work, man's, for a day, 378 
Myelocytes, 193 
Myogenic movements of intestine, 

354 
Myoglobiilin, 42 
Myohajniatin, 43 
Myoids. If), 40 
Myopia, 114 
Myosin, 42 
Myosinogen. 42 
Myostromin, 42 
MyxcEdema, 388 

Nasal cavitv, 139 

Nasals {see (/onsonants) 

Naunyn's observations on cholesterin, 

343 
Near point of vision, 112 
Necrobiosis, 8 
Nerve cells, 76 

cells, function of, HG 

centres {see Centres) 

corpuscles, 78 

fibres, 78 

fibres, medullary sheaths of, 78 

fibres, non-medullated, 78 

specific energy of, 104 
Nerves, 75 et seq. 

afferent, 85 



Nerves, auditory, 135 ; cochlear root 
of, 136 ; vestibular root of, 137 

augmentor, 85 

efferent, 84 

excito-motor, 85 

excito-reflex, 85 

excito-secretory, 85 

factors modifying conduction in, 
83 

inhibitory, 85 

mixed, 85 

motor, 85 

nature of impulse in, 86 

physiology of, 86 

rate of conduction in, 82 

secretory, 85 

sensory, 85 

spinal {tee Spinal nerves) 

vaso-constrictor, 85, 263, 264 

vaso-dilator, 264 
Nervi erigentes, 146, 264, 356, 407 
Nervous mechanism, intra-cardiac, 238 

system, 141 et seq. 
Neural canal, 416 
Neurilemma, 78 
Neuroglia, 148, 416 
Neuro-keratin, 78 
Neuro-muscular mechanism, SS etseq 

fatigue of, 94 
Neutral sulphur in urine, 401 
Neurons, 76, 416 

classification of, 84 

excitability of, 80 

extent of excitability of, 88 

ingoing, 81 

manifestation of activity of, 81 

outgoing, 81 

stimulation of, 80 
Nicotine, effect of painting ganglia 

with, 143, 330 
Ninth nerve, 146, 158 
Nissl's degeneration, 87 

granules, 76, 87, 176 
Nitrites, effect on blood pressure, 260 
Nitrogen in the blood, 201 

in the urine, 396 et seq. 
Nodal swellings, 18 
Nodes of Ranvier, 78 
Nuclei of the cranial nerves, 158 

of the posterior columns, 89 
Nucleins, 12 

Nucleo-albumin in the urine, 402 
Nucleolus, 17 
Nucleo-proteids, 344 

action of gastric juice on, 335 

action of trypsin on, 347 
Nucleus, 17 et seq. 

cuneatus, 152, 155 

gracilis, 152, 155 
Nutrition of the brain, 173 
Nuts, as food, 322 
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Oatmeal, as a food, 321 
Occipital lobe, 181 
Ocalomotor nerve, 159 
(Esophagus, 325 

application of a stethoscope to, 
332 

peristaltic action of, 332 
Oleic acid, 31 
Olein, 32, 319 
Olfactory bulb, 139 

tracts, 139 
Olive, the, 155 
Ophthalmoscope, 109 
Optic chiasma, 126 

disc, 108 

nerve, 108 

radiation, 181 

thalamus (see Thalamus) 
Ora serrata, 109 
Organ of Corti, 134 
Organic acids as salts in food, 

313 
Organs of Golgi, 97 
Osazones, 316 
Osmosis, 358 
Osmotic pressure, 194 
Ossification, process of, 34 et seq. 

centre of, 36 
Otic ganglion, 331 
Ovary, 388, 414 
Ovum, 413 
Oxalates, 189 
Oxalic acid, 403, 423 
Oxy -acids, 423 
Oxygen in blood, 200 
Oxyhsemoglobin, 195 
Oxyntic cells, 325 
Oxyphil leucocytes, 192 

Pain, sensation of, 96 
Palmitic acid, 31 
Palmitin, 32, 319 
Pancreas, 327, 390 

removal of, 368 
Pancreatic secretion, 346 

secretion, action of, 346 

secretion, character of, 346 

physiology of, 349 
Papillary muscles, 213 
Paracasein calcic, 319, 336, 411 
Paradoxical contraction, 84 
Paralysis of laryngeal nerves, 309 
Paramyosinogen, 42 
Parathyroid, 388 
Parotid gland, 324 

nerve supply, 329 

reflex stimulation of, 331 
Partial pressure of oxygen and carbon 
dioxide in blood, 801 

pressure of gases in air vesicle, 
801 



Passage of carbon dioxide from tis- 
sues to blood, 304 

of oxygen from blood to tissues, 
303 
Pawlow, effect of diet on gastric juice, 
337 

pancreatic fistulae, 348 
Peas as food, 321 
Penis, 415 
Pepsin, 75, 337 

fate of, 352 

source of, 336 
Pepsinogen, 337 
Peptic glands, 325 
Peptone, 12, 189, 335, 346 
Perceptions, modified, 129 
Perfusion method of studying action 

of drugs, 261 
Pericardium, 218 
Perichondrium, 36 
Perilymph, 133, 166 
Perimeter, 117 
Perineurium, 79 
Peripheral resistance, 259 
Peristalsis of bladder wall, 408 

of intestine, 354 

nervous mechanism of, 355 

of wall of ureter, 407 

wave of, 67 
Petrosal nerve, small superficial, 331 
Peyer's patches, 326 
Pfluger's experiments on proteid diet, 
375 

law of contraction, 83 
Phacoscope, 112 
Phagocyte action, 193 
Pharynx, 324 

nerve supply of, 327 
Phenol, 351, 399 
Phenylhydrazin, 316 
Phloridzin, injection of, 368 

poisoning, 367 
Phosphocarnic acid, 42, 412 
Phospho-proteid, 320 
Phosphorus-containing bodies in the 

urine, 401 et seq, 
Phototaxis, 16 
Phrenic nerves, 290 
Pialyn, 347 
Pigment cells, 32 
Pigments of the urine, 402 
Pillars of the fauces, 332 
Pilocarpine, effect on sweat glands, 

410 
Pitch of sounds, 136, 309 
Pituitary body, 386 

injection of extracts of, 386 
Placenta, 417 
Plasma, 190 et seq. 
Plasmodia, 4 
Pletbysmograph, 261 
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Refraction of light, 110 i 

Reid on absorption, 358 { 

Relation of haemoglobin and its ' 
derivations, 199 ! 

Remak's ganglion, 238 
Rennet, 319, 411 
Rennin, 337 

source of, 330 
Reproduction, 413 
Reserve air, 28(> 
Residual air, 287 

contraction, period of (s^e Systole) 
Respiration, 277 et seq. 

effect on air breathed of, 298 

effect on the blood, 299 

at high altitudes, 303 

influence of heart's action on, 
297 

internal, 303 

mechanism of, 277 et teq. 

movements in (special), 285 

nervous mechanism of, 289 

physiology of, 279 

rhythm of, 289 
Respiratory centre, 290 

action of, 291 

effect of absence of oxygen on, 
294 

effect of accumulation of waste 
products in the blood, 295 

effect of carbon dioxide on, 294 

effect of temperature of animal 
on, 295 

modifications in activity of, 
294 
Respiratory interchange, extent of, 
304 

interchange, factors modifying, 
304, 305 

quotient, 299 

quotient, effect of diet on, 305 
Restiform bodies, 155 
Rete testis, 414 
Retina, 108 et seq. 

blood vessels of, 109 

corresponding areas on the two 
sides, 124 

nature of changes in, 118 | 

stimulation of, 116, 118 ; 

rods and cones of, 109 
Rhythmic contraction of the heart, '; 
236 I 

contraction, propagation of, 236 I 

contraction, starting mechanism ' 
of, 237 I 

Rigor mortis, 74 
Rolandic area, 183, 185 
Rolando (see Fissure) 
Roof nucleus of the cerebellum, 161 
Roots of the spinal nerves, 142 
Roy's cardiometer, 234 ! 



Sacchabomycks cerevisae, 4 
Saccule, 133 

St. Martin {see Beaumont) 
SaUva, 328 

functions of, 329 

influence of chorda tympani in 
secretion of, 330 

physiology of, 329 

reflex stimulation of secretion, 
331 

stimulation of svmpathetic, effect 
on, 331 
Salivary glands, 324 et seq. 

glands, nerve supply, 327, 329 
et seq. 
Salol, rate of passage through intes- 
tine, 355 
Salts of the bile acids, 341, 352 

fate of, 352 
Sanson's images, 112 
Sarcolactic acid, 43 
Sarcolemma, 40, 41 
Sarcous substance, 41 
Scala media, 133 
Schafer's investigations of brain 

functions, 182, 183 
Scheiner's experiment. 111 
Schwann, white sheath of, 78 
Sciatic nerve, 264 
Sclerotic, 107 
Sebaceous glands, 409-410 
Secretion, 391 

internal, 384 et seq. 
Sectional area of circulatory system, 

210 
Semen, 414, 415 
Semicircular canals, 132 et seq. 

canals, physiology of, 164 
Semilunar valves, 216 

valves, action of, 229 
Seminiferous tubules, 414 
Sensation, 94 

colour, 119 

physiology of colour, 120 

production of colour, 121 

of hunger, 95 

of pain, 96 

of smell, 139 

of taste, 138 

of thirst, 95 

visual, 129 
Sense (The Senses), 95 et seq. 

of acceleration and retardation 
of motion, 164 

joint and muscle, 97 et seq., 164 

special, 98 et seq. 

of smell, 139 

tactile, 98 

of taste, 138 

temperature, 101 

visual, 102 et seq, 

29 
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Tactile sense (see Sense) 
Tapetam nigrum, 109 
Tartaric acid, 313 
Taste, 137 et seq. 

bulbs, 137 

centre for, 182 

mechanism of, 137 

physiology of, 138 
Tanrocbolic acid, 342 
Tea, 383 
Tegmentum, 167 
Temperature, 362 et teq. 

in cold-blooded animals, 364 

in hibernating animals, 364 

in warm-blooded animals, 364 

mean daily, of man, 363 

regulation, 361 et $eq, 

variations in, 363 
Temporo-sphenoidal lobe, 182 
Tension of gas in a fluid, 301 

of the vocal cords, 310 
Tensor tympani muscle, 131 
Tenth nerve {see Vagus) 
Testis, 388, 414 
Tetanus, complete, 59 

incomplete, 58 
Thalamus opticus, 167, 168, 181 
Theine, 383 

Thermal sense, centre for, 183 
Thermotaxis, 17 
Third nerve, 146, 159 
Thoracic breathing, 283 
Thrombin, 189 
Thymus gland, 189, 389 

effect of castration on, 390 

removal of, 390 
Thyroid cartilage, 307 

gland, 386 

administration of extracts of, 387 

removal of (thyroidectomy), 387, 
388 
Tidal air, 286 
Tissue, adipose, 31 

areolar, 30 

cancellous, 35 

connective, 27 et seq. 

fibrous, 28 

lymph, 30 

mucoid, 27 

vegetative, 23 et seq. 
Tongue, 324 
Tonsil, 324 

Torricellian vacuum, 199 
Touch, centre for, 182 
Toxic action, 391 et seq, 
TrabeculsB, 36 
TricFOtic pulse, 250 
Tricuspid valve, 215 

area, 233 
Trigeminal nerve, 159 
Trochlearis nerve, 159 



Trophoblast, 417 
Trypsin, 346 

fate of, 352 
Trypsinogen, 348 
Tryptophane, 347 
Tubular glands of stomach, 325 
Tubules, secretion in kidney, 406 
Tunica albnginea, 414 
Turnips as food, 321 
Twelfth nerve, 158 
Tympanic cavity, 130 
Typhoid toxin, 392 
Ty rosin, 11, 347, 350 

Umbilical arteries, 420 

veins, 418 
Unilateral stimulation, 16 
Urates 395 
Urea, 315, 369, 372, 396, 424 

of blood, 201 

effect of drugs on formation of, 
370 

source of, 370 
Ureter, ligature of, 405 
Urethra, 407 

Uric acid, 191, 397, 406, 425 
Urinary bladder, 407 

nerves of, 407 
Urine, 394 et seq. 

excretion of, 407 

method of estimating solids in, 
394 

micro-organisms in, 396 

non-urea nitrogen in, 396 

of herbivora, 395 

pigments of, 402 

secretion of, 403 
Urobilin, 402 
Urochrome, 402 
Uroerythrin, 402 » 
Uterus, 414, 415 

centre for contractions of, 420 
Utricle, 133 

Vacuoles, 14 
Vagus, 146, 158 

cardiac branches, 239 et seq. 

frog's, 239 

gastric branches, 264 

effect on respiration of section, 
291 et seq. 

effect on respiration of stimula- 
tion, 292 et seq. 
Valsalva, sinus of, 216 
Valves of the heart, 214 et seq. 

action of, 228 

aortic, 217 

auriculo - ventricular, 228 {see 
Mitral and Tricuspid) 

mitral, 214 

pulmonary, 217 
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Valves of the heart, semilnnar, 216 

{8ee Aortic and Pulmonary) 
Valve, ileo-c»cal, 326 
Vas deferens, 414 

deferens, ligature of, 413 
Vasa efferentia, 414 
Vaso-constrictor centre, 265 

centres, secondary, 266 

nerves, 264 
Vaso-dilator centre, 266 

nerves, 264 
Vaso-motor centre {see Centre) 

mechanism, 262 

nerves, 263 

nerves, section of, 263 
Vegetables, as food {tee Food) 

effect of cooking, 823 

green, 321 
Veins, pressure in, 225, 246, 258, 269 
et teq. 

umbilical {tee Umbilical) 
Vena cava, inferior (foetal), 418 

superior (foetal), 418 
Venous pulse, 255 

pulse, normal. 256 
Ventilation. 306 
Ventricles of the heart, 211 

contraction of, 214 

left, 212 

muscular structure of, 212, 214 

pressure in, 227 

right, 214 
Veratrin, effect on muscular contrac- 
tion, 56 
Vermiform appendix, 326 
Vernon on ercpsin in the tissues. 

350 
Vesicular sound, 288 
Vestibule of the ear, 132 
Vestibular root of the eighth nerve, 

135. 162 
Vibrations, light, 119 
Vibratories {see Consonants) 
Vieussens, annulus of {see Annulus) 
Villi, chorionic, 417 

of intestine. 326 
Vision, 102 et srq., 104 

binocular, 123 

far point of. 111 

field of, 118 



Vision, monocular, 106 et teq. 

near point of, 111 

theories of colour, 122 
Visual centre, 128, 181 

sensation, duration of, 128 

sensation, strength of, 128 
Vital action of endothelium of capil- 
laries, 304 
Vital capacity of the thorax, 286 
Vitreous humour, 107 
Vocal cords (false and true), 308 
Voice, 307 et teq, 

chest, 310 

falsetto, 310 
Volition, 184 
Voluntary actions, 88, 92 

centres, 184 /- 

Vomiting, 340 /' 

centre, 341 
Vowel sounds, 311 

Wallerian degeneration method, 

152 
Waste, rate of (during fasting), 373 
Water in food-stuffs, 312 
Weigert's method of nerve-staining, 

152 
Wheaten flour as food, 321 
Whey albumin, 319, 336 
Whispered speech, 310 
White bread as food, 321 

Xanthin, 320, 383, 398 
X rays in the examination of the 
stomach, 338 
of the intestine, 354 

Yawning, 286 
I Yeast, 4, 316 
I 

I Zona granulosa, 413, 414 
pellucida, 414 
Zuntz on excretion of C0» in the dog. 
377 
experiments on muscle work. 64 

378 
and Lew, on diet, 374 
Zymin, 7, 317 
I secreting epithelium, 26 

I Zymogen. 26 
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